NMDA receptors (NMDARs) are ion channels activated by the excitatory neurotransmitter glutamate and are essential to all aspects of brain function, including learning and memory formation. Missense mutations distributed throughout NMDAR subunits have been associated with an array of neurological disorders. Recent structural, functional, and computational studies have generated many insights into the activation process connecting glutamate binding to ion-channel opening, which is central to NMDAR physiology and pathophysiology. The field appears poised for breakthroughs, including the exciting prospect of resolving the conformations and energetics of elementary steps in the activation process, and atomic-level modeling of the effects of missense mutations on receptor function. The most promising strategy going forward is through strong integration of multiple approaches.
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One Ion-Channel Protein, Many Conformations
Neurotransmitter-gated ion channels, including Cys-loop, purinergic, and ionotropic glutamate receptors, mediate fast signaling between cells in the nervous system [1, 2] . These ion channels rapidly open in response to transient release of a neurotransmitter, generating an electrical and/ or biochemical signal that impacts on cellular activity and hence on nervous system function. The allosteric linkage between the ligand-induced conformational changes and the rapid opening of the ion channel is central to the signal transduction process. Ionotropic glutamate receptors (iGluRs) are a key family of neurotransmitter-gated ion channels that mediate excitation throughout the nervous system. Recent functional, structural, and computational studies have resolved numerous features of the allosteric linkage in iGluRs [3, 4] . Nevertheless, wide knowledge gaps remain [5] . One of the most challenging and elusive is to define the elementary steps, in terms of the conformations of the intermediate states involved and the transitions between them, along the pathway from agonist binding to ion-channel opening. These elementary steps are a key regulator of synaptic function and are often targets of allosteric modulators. Because of their transient nature, no single approach alone -functional, structural, or computational -will be capable of resolving these substates. In this Opinion we discuss multiple efforts to address this issue in NMDA receptors (NMDARs), a crucial class of iGluRs, and emphasize the need for strong integration of approaches.
NMDARs make unique contributions to synaptic physiology and dynamics in part because of their distinctive neurotransmitter transduction profile: they are activated slowly in response to transient glutamate but show persistent activity and slow deactivation. Further, their activity is modulated by an array of small ions and molecules (protons, Zn 
Trends
The number of iGluR structures, both for isolated domains and for C-terminal domain (CTD)-truncated constructs, has expanded drastically in the Protein Data Bank. The extracellular domains usually display ligand-induced structural changes, but the transmembrane layer has yet to be captured in an open-pore conformation.
Electrophysiological data, interpreted with the help of available structures, have defined the contributions of key gating elements, in particular the M3 helix and the M3-D2 linker, to channel activation. Single-channel data can further determine the energetics and kinetics, but not conformations, of substates along the activation pathway.
Computational studies have so far focused on motions within isolated domains or over very short timescales, but atomic-level modeling is becoming feasible to calculate gating energetics and kinetics.
The NMDAR field appears poised for breakthroughs, but urgently needs strong integration of multiple approaches.
